The entire nucleotide sequence of the Ad. 2 EcoRI D fragment has been determined using the Maxara and Gilbert method. This sequence of 2678 bp contains informations relative to late mRNAs ending at position 78 and for which an AATAAA sequence corresponding to their 3 1 ends is found at residue number 833. Position of the PVIII mRNA is determined thus allowing deduction of the probable amino acid sequence of the PVIII protein. The position and the sequence of the first leader of early 3 mRNAs is determined as well as the sequence and position of the second early leader of region 3 raRNAs, which also correspond to the "y" leader of the fiber mRNA. Following the localization of an open reading frame in which an ATG could initiate protein synthesis it can be predicted that 3a, b, c mRNAs code for the 16K early protein and the probable amino acid sequence of this protein can be deduced. The CAGTTT sequence frequently present at the 5' end of a leader or of a mRNA body as well as the GGTGAG sequence which is found at the 3' end of several leaders were used to postulate the position of various early mRNAs of region 3 and to suggest the existence of an additional splicing event during the processing of mRNAs 3a, b and c. They were also used to predict the position of the additional "x" late leader.
for the transcription and processing of mRNAs, we first focused our attention on the EcoRI F fragment which was thought to be at the Junction between early regions E2 and E3 and was responsible for the transcription of several late mRNAs (1, 9, 10) . Nucleotide sequence analysis of this fragment (11) allowed us to determine the position and the nucleotide sequence of the first leader of the 72K mRNA which is leftward transcribed (12) . From the EcoRI F sequence we were also able to determine the reading frame corresponding to the 100K mRNA and to deduce the probable amino acid sequence of the C terminal part of this protein. The mapping of the 3' end of a part of the 1COK message was also determined through the presence of an AATAAA sequence found 779 nucleotides downstream of the TAG stop codon. Informations concerning the PVIII protein led us to suggest that this protein could be translated from an ATG present near the end of the EcoRI F fragment up to a stop signal within the EcoRI D fragment.
The present paper deals with the nucleotide sequence of the EcoRI D fragment which lay between coordinates 75. 9 and 83.4 (9) . This sequence contains informations relative to the remaining part of the message coding for the PVIII protein (13) . It also contains informations relative to several early and late leaders and to the body of several early mRNAs such as the 16K mRNA (3, 14, 15) .
MATERIALS and METHODS
All materials used were as previously described (11, 16) .
Isolation of viral DMA.
Culture of Hela cells, viral propagation and isolation of viral DNA were as described by Fraser and Ziff (17) .
Cloning of the EcoRI D fragment and propagation of reccntoinant. Viral Ad.2 DNA was digested with EcoRI and resulting fragments were fractionated by electrophoresis on 1% agarose. After elution by electrophoresis, the DNA was phenol treated, alcohol precipitated and finally dissolved in distilled water.
Bactenophage Xgt WES AC (18) was propagated in E. coli strain C^QQ and recombinant were propagated in L3 physical containment facility. Phage were purified by centrifugation followed by banding in CsCl. DNA was isolated from banded phage by phenol extraction (16) .
XDNA was digested with EcoRI and the \ arms were purified by sucrose gradient centrifugation. !\ gt WES arms and purified Ad.2 EcoRI D fragment were mixed and ligated with T4 DNA ligase in 5CmM Tris fEl pH 7.8 lCmM MgCl 2CmM dithiothreitol lmM ATP and 50 pg/ml of bovine serum albumin at 12°C for 36 hours (19) . E. coli strains Cg.-R~K~recBC were made competent by treatment with CaCl,, and transfected according to Cameron et al (20) .
Several recombinant phages were recovered from the petri dish and grown in liquid culture. They were assayed for the presence of an Ad.2 EcoRI D fragment by restriction enzyme mapping (21). Selected recombinant phages were propagated in liquid culture infected with a multiplicity of 0.01.
Sequencing procedure
Sequence analysis was performed according to the method of Maxam and Gilbert (22) as revised by the same authors (23) and with the previously described slight modifications (11) . Usually 10 to 20 picomoles of EcoRI D fragment were fully digested with one restriction enzyme according to the condition recommended by the manufacturers. Fragments were then dephosphorylated at 65 °C with bacterial alkaline phosphatase which was then removed by alkaline treatment (24). Fragments were 5' end labelled with T>JATP (NEN above 3 000 Ci/mM) and polynucleotide kinase (22). Labelled fragments were fractionated by electrophoresis in agarose gel or acrylamide gel and eluted from agarose gel by electrophoresis (25) and from acrylamide gel as described by Maxam and Gilbert (22) . Fragments smaller than 500 base pairs were denatured by heat treatment with 30% CMSO (23). Resulting single stranded fragments were separated by electrophoresis in acrylamide gel with a low ratio of bisacrylamide/acrylamide (1/50) as described by Maxam and Gilbert (23) . Fragments larger than 500 base pairs were hydrolyzed with a second restriction enzyme (16) .
Sequencing gels were 400 mm long and 1 mm thick. Usually a 25% acrylamide gel was run with the bromophenol blue at 9 cm from the top to determine the first 30 nucleotides. Further nucleotide sequences were obtained with several 16% acrylamide gels in which the phenol cyanol FF dye had migrated half way down, to the bottom, twice and three times the length of the gel.
RESULTS
A lambda WES/Ad. migrating between the J and K fragments. Fran all these results we suggest : 1) the X fragment of fig. 3 corresponds to the L fragment ; 2) the L fragment does not map at position 18 but at position 75.9.
In fig. 4 (Fig. 5) If the 26,000 rial tons molecular weight, determined by gel electrophoresis, is more in favour of the first ATG as starting triplet, one should note for the PVIII protein, according to the nucleotide sequence, the rather large amount of proline residues (20 i.e. 8,8%) which are known to slightly reduce the mobility of a protein during gel electrophoresis giving rise to a higher calculated molecular weight. The primary structure of the PVIII protein as deduced from the nucleotide sequence shows several characteristics. As noted above there is a large number of prolines preventing the formation of a large portion of erf helical structure. The amount of arginine 7.5% and the absence of cysteine residue are also noticeable. The absence of the sequence Asn-X-Thr (or Ser) suggests this protein is not glycosylated (32).
Early 3 region
Fragment EcoRI D codes for part of the early region 3 which maps from coordinates 76.6 within EcoRI D to coordinate 86 within EcoRI E (9, 10) .
Electron microscopy mapping experiments have mainly described two classes of early mRNAs from the E3 region (3) . Messenger RNAs of the first class have a leader mapping at coordinates 76.6-77.6 and a body hybridizing from coordinate 78.6 up to coordinates 82.7, 84.7 and 86. Messenger RNAs of the second class have identical over all map coordinates but a second deletion between coordinates 79.1 and 81.5, 82.7 or 84.7 creates a second leader (78. 6-79.1) . This second leader is probably identical to the fourth late leader named "y" and found in some fiber mRNA (13) .
Recently Baker and Ziff have determined the nucleotide sequence of a stretch of ENA 42 residues long (unpublished results). This sequence contains the putative TATAA recognition sequence for the RNA polymerase and the capped nucleotide of region E3 mRNA' s. An exactly identical sequence is found in the EcoRI D fragment between residue 203 and 244. This places the capped G nucleotide at residue 237 and locates the beginning of the E3 region at coordinates 76.6 in complete agreement with previously published data (3) .
At the 3' end of several leaders such as those found in rabbit and mouse g globin mRNA (33) first late Ad.2 (34) first early 2 Ad.2 (12) fourth late Ad.2 (14) a GGGTGAG sequence has been observed. Therefore we looked for a similar sequence downstream the beginning of E3 region at a distance corresponding to the estimated length of the leader. A GGTGAG sequence is found at position 608 (coordinate 77.6) defining from the G cap a DNA segment 372 nucleotides long and no similar sequence is found around. This very good agreement between the electron microscopy and nucleotide sequence data suggest very strongly that the DNA stretch delineated by residue 237 and the GGTGAG sequence (residue number 608) indeed correspaids to the first leader of the E3 region.
By electron microscopy analysis it has been shown that the body of the first class of E3 mRNAs, the second leader of the second class of E3 mRNAs and the fourth leader of the fiber mRNA start on the genome at coordinate 78.6 (3). Recently Zain et al (14) On the contrary if the body of the mRNA is spliced according to the "y" nucleotide sequence as determined by Zain et al (14) , the reading frame stays open and can be read through from the first AT G 5 _ 7 to stop codon and a protein of 12,000 daltons can be made. The "x" and "y" late leaders All late Ad. 2 mRNAs have a tripartite leader which maps at position 16.5 ; 19.5 ; 26.5 (5,6) . In addition the fiber mRNA has two other leaders named "x" and "y" (13) . Leader "y" which has been mapped at coordinates 78.6-79.1 by electron microscopy and whose nucleotide sequence has been determined from a cloned mRNA (14) corresponds to the nucleotide sequence delineated by residue 1002 and 1185, in very good agreement with electron microscopy data. Leader "x" has been mapped by electron microscopy at position 77. 2-77.6 (13) and its 3' end coincides with the 3' end of the first leader of region 3 early mRNAs (3). As discussed above this 3'end could well correspond to the nucleotide sequence GGTGAG (residue number 608). Upon considering the EcoRI D nucleotide sequence, upstream of that position and at a distance corresponding to the expected length of the "x" leader, a CAGTTT sequence (residue number 473) is found. This sequence which has been already observed at the 5' end of several leaders (14, 35, 39) The intriguing point is the location of this sequence within the second early leader where the ribosome binding site might be, as was stated above.
The CAGTTT sequences
As already pointed out a sequence identical or very similar to CAGTTT has been observed at the 5' end of several leaders and mRNA bodies (14, 33, 34, 39) . In the EcoRI D fragment this sequence was used to define the beginning of the "x" leader. It was also found in many places where a 5' end of mRNA body was positioned by electron microscopy. Since there is no explanation for the presence of this sequence and no argument proving its requirement it is worth noting that this sequence occurs 11 times in the 1 strand which has a polarity identical to the mRNA's. From a random distribution this sequence would only be expected 2 to 3 times. On the contrary there is no similar sequence in the other strand which does not correspond in that region to any mRNA. In Table I Table 1 Nucleotide sequence surrounding the various "CAGTTT" sequences found in the 1 chain of the EcoRI D fragment. Sequences with only one C residue replacing any of the 3 Ts are also take in account. RNA is also found in the first leader for early messenger RNAs and in the "x" leader of the fiber mRNA (Fig. 5) . On the contrary electron microscopy heteroduplex experiments have shown that no mRNA are able to hybridize to the 1 strand. As a matter of facts the distribution of the non sens codons and ATG triplets in the r strand (Fig. 5) suggest that the 1 strand have no coding capacity in the EcoRI D region.
Biohazards associated with the experiments described in this publication have been examined previously by the French National Control Committee.
